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Family Ulmaceae is a large family, containing about 15 genera
and 200 species.1 The largest genus, Celtis, includes about 60
species distributed in the temperate and tropical zones.1,2
Among these species are Celtis australis L. and Celtis+20 33860442, mobile:
ail.com (D.A.M.Al-Mahdy).
Cairo University. Production
aculty of Pharmacy, Cairo
lsevier
 under CC BY-NC-ND license.occidentalis L. which are commonly cultivated in the Egyptian
gardens for shade purposes.
C. australis L. (Mediterranean hackberry, European nettle
tree, lote tree, nettle tree)3 is a deciduous tree native to the
Mediterranean region and south western Asia. The leaves
and fruits are astringent and stomachic. Decoctions of the
leaves and fruits were used as remedy for amenorrhoea, heavy
menstrual bleeding and colic. The leaves and fruits were also
used to astringe the mucous membrane in peptic ulcers, diar-
rhoea and dysentery.4 The plant is considered an important
remedy for bone fracture, pimples, contusions, sprains and
joint pains in Indian traditional medicine.5
C. occidentalis L. (Hackberry, American Hackberry) is a
medium-size deciduous tree native to North America. Native
Americans used decoctions prepared from the bark as an aid
in menses and to relieve sore throat, and the wood extract in
treatment of jaundice.6,7
Reports on the botanical characteristics of genus Celtis were
found fragmentary8–10; in addition those on both species under
38 T.S.M.A. El-Alfy et al.investigation were almost lacking. Botanical characterization
of closely related plant species is nowadays greatly supported
via examination of various decisive genetic criteria such as iso-
enzymes, DNA or seed proteins.11
The concept of DNA ﬁngerprinting has been, in this re-
spect, increasingly applied to establish the ancestry of plants.
It is reported as a promising tool for the authentication of
medicinal plant species and especially useful in species or
varieties that are morphologically and/or phytochemically
indistinguishable.12
Seed protein proﬁling, obtained by polyacrylamide gel elec-
trophoresis (PAGE), as well, is frequently used in taxonomy to
provide valid evidence for addressing various taxonomic prob-
lems and has found wide application in resolving systematic
relationships.13 This is on account of several advantages
including the high stability of seed proteins which are unaf-
fected by environmental conditions.14 Since differences be-
tween species is based on gene differences, and direct
comparison of genes is both difﬁcult and time consuming;
therefore, these differences could be easily measured by com-
paring the products of gene activity, i.e. by using protein as
genotype markers.15 This technique is also considered rapid
and inexpensive.16
Hence the objective of this work was targeted towards dis-
crimination between C. australis L. and C. occidentalis L.
through establishment of different botanical and genetic crite-
ria which could be helpful in this respect.
2. Experimental
2.1. Plant material
Samples of C. australis L. and C. occidentalis L. used in this
study were collected during the years 2008–2010 from El-
Orman Botanical Garden and the Agricultural Museum, Giza,
Egypt. Identity of the plant material was kindly veriﬁed by Dr.
Mohamed El Gebaly, botanist specialist.
2.2. Botanical proﬁling
Specimens for morphological studies were dried according to
standard herbarium techniques and voucher samples were kept
in the Department of Pharmacognosy, Faculty of Pharmacy,
Cairo University. Photographs were taken using a Casio Dig-
ital camera.
Anatomical investigations were performed on cross-
sections of the old and young stems, stem bark and leaves
which were preserved in 70% alcohol and on air-dried ﬁnely
powdered samples. The photographs were taken using a Leica
DFC500 digital camera.
2.3. Genetic proﬁling
2.3.1. DNA ﬁngerprinting
Entire fresh leaves of both plants under investigation were sep-
arately freeze-dried and ground to ﬁne powder under liquid
nitrogen prior to DNA isolation.
2.3.1.1. DNA extraction. DNA was extracted from 10 g of leaf
tissue in 1.5 ml microfuge tubes using the DNA extraction
method described by Williams et al.172.3.1.2. Oligonucleotide primers. A total of 10 random decamer
oligonucleotide primers from A, C, D, E, G, M and Z kits
(Operon Technologies Inc.) were used to amplifyCeltis genomic
DNA having the following sequences: OPA-18: AGGT
GACCGT, OPC-11: AAAGCTGCGG, OPC-20: ACTTCGC
CAC, OPD-12: CACCGTATCC, OPE-08: TCACCACGGT,
OPG-09: CTGACGTCAC, OPG-18: GGCTCATGTG,
OPM-06: CTGGGCAACT, OPM-08: TCTGTTCCCC,
OPZ-20: ACTTTGGCGG.
2.3.1.3. Polymerase Chain Reaction (PCR). PCR ampliﬁcation
was conducted with 25 ll of reaction mixture containing 1%
Triton 10-· reaction buffer (100 mM Tris–HCl (pH = 8.3),
500 mM KCl, 0.01% (w/v) gelatin), 2.0 ll MgCl2 (25 mM),
2.5 ll of each dNTP (2 mM), 3 ll primer, 0.3 ll of Taq polymer-
ase (Promega), and 2.5 ll of genomic DNA and completed to
volume with distilled water. The reaction mixture was overlaid
with two drops of mineral oil. The ampliﬁcation reaction was
carried out in a Thermocycler Perkin–Elmer Cetus 480
(Warrington, UK). The thermocycler was programmed for
one cycle of 5 min initial strand separation at 94 C and for 40
cycles each 1 min at 94 C for denaturation, 1 min primer
annealing at 36 C, a 7 min primer elongation at 72 C, followed
by one cycle of ﬁnal primer extension at 72 C for 10 min.
2.3.1.4. Gel electrophoresis and staining. PCR products were
separated in 1.4% agarose gel by electrophoresis in TE buffer
(10 mM Tris–HC1, 1.0 mM EDTA, pH= 8.0) with a constant
power of 100 V for about 3 h. The products were stained with
ethidium bromide and then visualized and photographed un-
der UV light using Bio-Rad Gel Doc-2000 (UK).
2.3.2. Seed protein proﬁling
2.3.2.1. Sample preparation. A sample (0.1 g) of mature seeds
of each plant was powdered and mixed with 1 ml sample buffer
(Tris borate solution (pH 8.2) (1:3 v/v). The slurry was centri-
fuged at 6000 rpm for 10 min. The supernatant containing the
protein extract was used immediately for electrophoresis. The
seed proteins of C. australis L. and C. occidentalis L. were ana-
lyzed using continuous polyacrylamide gel electrophoresis
according to the method described by Stegmann.18
The prepared protein extracts were diluted with sample buf-
fer, and then 500 ll of 10% SDS (sodium dodecylsulphate)
were added followed by 25 ll of mercaptoethanol. They were
placed in a boiling water bath for 5 min and 5 ll of bromophe-
nol were added as a tracking dye. Ten microliters of each sam-
ple were loaded and 10 ll of marker protein mixture were used
as standard.
2.3.2.2. Running conditions. The runs were carried out at a con-
stant voltage of 200 V. Usual runs took approximately 120 min.
2.3.2.3. Gel staining and destaining. The separated protein frac-
tions were stained with excess of coomassie brilliant blue stain
R-250 for about 1 h. After gel staining, the gel was transferred
to the destaining solution (15 ml ethanol, 50 ml glacial acetic
acid and 300 ml distilled water) to remove excess stain.
2.3.2.4. Scoring of seed protein data. The protein binding pro-
ﬁle in the gel was photographed. The banding proﬁle was also
scanned using SynGene System, version 4.00A (Gene tools
Botanical and genetic characteristics of Celtis australis L. and Celtis occidentalis L. grown in Egypt 39electrophoresis analysis system). The densitometer determined
the position and percentage of each protein fraction in the seed
protein proﬁle of both samples. The molecular weight of each
band was calculated by comparison to a molecular weight
marker.3. Results
3.1. Botanical proﬁling
3.1.1. Macromorphology
3.1.1.1. Macromorphology of C. australis L. C. australis L.
(Fig. 1A) is a deciduous tree, widely grown in Egyptian gardens
including the gardens of the Agricultural Museum, El Orman
Botanical garden and the Zoological garden. The tree has a
thick erect trunk and large spreading branches carrying simple
leaves. It attains a height of 15–20 m. Flowers are green, very
small, staminate or hermaphrodite both carried on the same
tree and appearing with the leaves for a very short ﬂowering
period at the beginning of March. The fruit is a globular drupe,
ﬂeshy with one white seed, green in colour and becomes black-
ish as it ripens; it appears at the end ofMarch and fully ripens in
mid summer (Fig. 1G).
3.1.1.1.1. The stem (Fig. 1B). The old branch is brown in
colour, hard, cylindrical, longitudinally striated with a rough
surface. Young branches are green in colour showing longitu-
dinal ﬁne striations and hairy to naked eye. Branching is
monopodial. Old and young branches are hard to break, both
breaking with a ﬁbrous fracture and exposing a white solid
interior. The branches possess a faint characteristic odour
and a slightly astringent taste.
3.1.1.1.2. The bark (Fig. 1C). The stem bark is brown in
colour, hard and with a rough surface showing longitudinal
wrinkles and numerous lenticels. The inner surface is yellow
in colour, smooth and showing longitudinal striations. The
bark is odourless and has a slightly astringent taste.
3.1.1.1.3. The leaf (Fig. 1B, D and E). The leaves are sim-
ple, cauline, alternate, stipulate with hairy stipules (Fig. 1F)
and petiolate. Young leaves are purplish green in colour
and pubescent. The leaf lamina is green, ovate lanceolate in
shape with an acuminate apex. The upper two thirds of the
margin are serrate while the lower third is entire. The base
of the leaf is asymmetric. The leaf shows palmate reticulate
venation with three main veins. The upper surface is darker
than the lower. Both surfaces are glabrous to naked eye with
hairs appearing persisting only on large veins of the lower
surface. The midrib is prominent on the lower side. The leaf
has a leathery texture. It measures 5–14 cm in length and 2–
4.5 cm in width.
The petiole is short (Fig. 1B), cylindrical, pale green, hairy
and grooved on the upper surface. It measures 0.7–1 cm in
length and about 0.1–0.3 cm in diameter. The leaf is odourless
and possesses a mucilagenous astringent taste.
3.1.1.2. Macromorphology of C. occidentalis L. The macromor-
phological characters of C. occidentalis L. closely resemble
those of C. australis L.
The tree is large, deciduous and comparatively higher than
that of C. australis L. reaching up to 25 m in height (Fig. 2A),
grown in the gardens of the Agricultural Museum and El
Orman Botanical garden. The fruit is a drupe darker in colour,varying from dark orange to purple or bluish black when ripe
(Fig. 2G).
C. occidentalis L. could be differentiated from C. australis
L. by each of the following:
1. The stem bark (Fig. 2C) is darker in colour and shows more
lenticels. It exhibits a yellowish green inner surface showing
longitudinal ﬁne striations.
2. Leaves (Fig. 2B, D and E) are with hairy stipules (Fig. 2F).
The lamina is broadly ovate to cordate in shape with a ser-
rate margin. It reaches 6–12.5 cm in length and 4–8 cm in
width. The upper surface is darker than the lower and both
surfaces are hairy to naked eye. The texture is papery.
3. The petiole is short, cylindrical, green in colour, hairy and
grooved on the upper surface. It measures 0.3–0.7 cm in
length and about 0.1–0.2 cm in diameter.3.1.2. Micromorphology
3.1.2.1. Micromorphology of C. australis L.
3.1.2.1.1. The stem branch. A transverse section in the old
branch (Fig. 3A) is circular in outline. It is formed of a narrow
cork followed by the cortex, which is composed of 4–6 rows of
oval parenchyma cells containing calcium oxalate prisms. The
pericycle is formed of a continuous band consisting of ligniﬁed
sclereids and groups of ﬁbres followed by a ring of compara-
tively wide collateral vascular tissue that encloses a narrow
parenchymatous pith. The vascular tissue is radially traversed
by numerous uni or biseriate medullary rays. Prisms and clus-
ters of calcium oxalate are scattered in the cortex, pericycle
phloem parenchyma, the medullary rays and pith.
The cork (Fig. 3A and C): It consists of 4–6 rows of brown
radially arranged, tangentially elongated cells, having suber-
ized walls, with the innermost layer of the cork showing scat-
tered ligniﬁed sclereids with dark brown content.7 The
phellogen consists of 1 or 2 rows of tangentially elongated cells
having thin cellulosic walls.
The cortex (Fig. 3A): It is formed of 4–6 rows of thin
walled oval parenchyma cells containing small starch granules
(bluish violet colour with iodine T.S.) and few cells containing
catechol tannin (green colour with ferric chloride T.S.). The
parenchyma cells showed scattered ligniﬁed sclereids having
comparatively thin walls and wide lumina and containing cal-
cium oxalate prisms.
The pericycle (Figs. 3A and 4): It is formed of a continuous
band of sclereids and groups of ﬁbres. The sclereids are polyg-
onal isodiametric or elongated with pitted ligniﬁed walls, wide
or narrow lumina and sometimes containing calcium oxalate
prisms. The ﬁbres are fusiform having straight or undulating
faintly ligniﬁed thick walls, narrow lumina and blunt apices.
The vascular tissue (Figs. 3A and 4): It consists of a com-
plete ring of collateral vascular bundles, separated by cambium
and traversed by uni or biseriate medullary rays.
The phloem consists of thin walled elements formed of sieve
tubes, companion cells and phloem parenchyma that contain
small cluster crystals of calcium oxalate and starch granules.
Phloem ﬁbres are present in groups. They are fusiform with
straight or undulating non-ligniﬁed walls, moderately wide to
narrow lumina and acute apices. The phloem is traversed by
medullary rays, mostly biseriate and consisting of thin walled,
radially elongated cells containing cluster crystals of calcium
oxalate. The cambium is formed of 2 or 3 rows of tangentially
Figure 1 Photographs of the tree, branch, stem bark, leaves and fruits of Celtis australis L. (A) Celtis australis L. tree in summer
(X= 0.0045). (B) Branch showing branching habit of Celtis australis L. (X= 0.31). (C) Outer and inner surfaces of the stem bark of Celtis
australis L. (X= 2.17). (D) Upper surface of Celtis australis L. leaf (X= 0.6). (E) Lower surface of Celtis australis L. leaf (X= 0.6). (F) A
branch showing stem and leaf stipules of Celtis australis L. (X= 0.9). (G) Fruit of Celtis australis L. (X= 1.5).
40 T.S.M.A. El-Alfy et al.elongated thin walled cellulosic cambiform cells. The xylem is
formed of radially arranged elements. The vessels show ligni-
ﬁed spiral, annular or pitted thickenings. Wood ﬁbres aremoderate in length with wide lumina, straight thin ligniﬁed
walls and acute apices. Wood parenchyma consists of rectan-
gular cells with pitted ligniﬁed walls. Medullary rays are
Figure 2 Photographs of the tree, branch, stem bark, leaves and fruits of Celtis occidentalis L. (A) Celtis occidentalis L. tree in summer
(X= 0.0035). (B) A branch showing branching habit of Celtis occidentalis L. (X= 0.25). (C) Outer and inner surfaces of the stem bark of
Celtis occidentalis L. (X= 2.14). (D) Upper surface of Celtis occidentalis L. leaf (X= 0.48). (E) Lower surface of Celtis occidentalis L. leaf
(X= 0.48). (F) A branch showing stem and leaf stipules of Celtis occidentalis L. (X= 1). (G) Fruit of Celtis occidentalis L. (X= 2).
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pitted ligniﬁed walls occasionally showing prisms of calcium
oxalate and starch granules.
The pith (Fig. 3A): It is comparatively narrow; it consists
of small rounded parenchyma cells with ligniﬁed pitted walls
containing calcium oxalate prisms at the peripheral regionand large rounded thin walled parenchymatous cells in the cen-
tral region. Few cells contain catechol tannin and starch
granules.
The young branch (Fig. 3B): The structure of the young
branch is almost similar to that of the old branch with the fol-
lowing differences:
Figure 3 Micromorphology of the stem branch of Celtis australis L. (A) High power view of the old stem branch (X= 133.3). (B) High
power view of the young stem branch (X= 200). (C) Surface view of the cork (X= 650). (D) Surface preparation in the young branch
(X= 650). cam., Cambium; ck., cork; cort., cortex; cl.ca., cluster of calcium oxalate; ep., epidermis; m.r., medullary ray; n.g.h., non-
glandular hair; p.f., pericyclic ﬁbres; ph., phloem; ph.f., phloem ﬁbre; pi., pith; pr.ca., prism of calcium oxalate; scl., sclereids; st., starch
granules; v., xylem vessel; w.p., wood parenchyma.
42 T.S.M.A. El-Alfy et al.a. The epidermal cells (Fig. 3D) are polygonal with straight
anticlinal walls and covered with a thin smooth cuticle.
Stomata are absent.
b. The presence of non-glandular unicellular hairs, as well
as, glandular hairs with multicellular stalk and multicel-
lular head (Fig. 4).c. The absence of ligniﬁed sclereids in the cortical tissue
and pericycle.
d. The pericyclic ﬁbres are fusiform with thin faintly
ligniﬁed walls, moderately wide lumina and blunt
apices.
e. The vascular tissue is narrower and the pith is wider.
Figure 4 Micromorphology of powdered Celtis australis L. branch. Powdered branch (X= 400). cl.ca., Cluster of calcium oxalate; g.h.,
glandular hair; n.g.h., non-glandular hair; m.r., medullary rays; p.f., pericyclic ﬁbres (X= 250); ph.f., phloem ﬁbres (X= 200); pi., pith;
pr.ca., prism of calcium oxalate; scl., sclereids; v., xylem vessel; w.f., wood ﬁbre (X= 200); w.p., wood parenchyma.
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granules.
The microscopical measurements of the different elements
of the old and young branch are shown in Table 1.
Powdered branch: The powder is yellowish brown in colour,
odourless and has a slightly astringent taste. Microscopically
(Fig. 4), it is characterized by the presence of the following:a. Fragments of brown, polygonal and suberized cork cells
(Fig. 3C).
b. Fragments of polygonal elongated epidermal cells
having straight anticlinal walls covered with a thin
smooth cuticle, devoid of stomata and showing
non-glandular unicellular trichomes and glandular
hairs with multicellular stalks and multicellular
heads.
Table 1 Microscopical measurements of the different organs of Celtis australis L. and Celtis occidentalis L. (in lm).
Plant name Celtis australis L. Celtis occidentalis L.
Item L W H D L W H D
Old branch
Cork cells 11 22 32 10 17 24 2 4 7 10 17 34 9 16 26 4 6 8
Clusters of ca. ox. 5 7 9 6 9 12
Prisms of ca. ox. 5 15 39 4 12 26 6 10 23 6 11 15
Sclereids (cork) 10 16 30 8 15 25 13 15 23 7 18 26 9 14 23
Sclereids (cortex) 11 20 28 7 14 17
Sclereids (pericycle) 30 45 70 11 19 28 23 53 62 18 23 32
Pericyclic ﬁbres 520 600 710 8 20 22 415 695 751 6 10 15
Phloem ﬁbres 560 750 1100 6 11 15 690 845 1260 6 9 13
Medullary rays 18 44 54 12 18 26 15 31 58 14 18 23
Wood ﬁbres 285 385 560 8 10 12 276 300 520 7 10 13
Wood parenchyma 58 65 78 8 12 14 37 45 59 6 8 10
Vessels 11 34 68 12 27 69
Young branch
Epidermal cells 15 22 29 8 12 17 6 8 9 21 35 55 11 15 20 4 9 12
Glandular hair 26 35 41 26 31 35
Non-glandular hair 36 103 166 42 115 850
Clusters of ca. ox. 6 8.5 10 5 7 18
Prisms of ca. ox. 13 17 26 7 8.5 17
Stem bark
Cork cells 11 18 27 10 13 16 4 5 6 10 14 16 10 16 27 3 5 6
Prisms of ca. ox. 15 17 20 14 17 20 6 17 21 8 18 21
Clusters of ca. ox. 5 7 10 5 7 9
Pericyclic ﬁbres 1120 1264 1490 10 18 20 1110 1333 1500 11 13 15
Sclereids (cork) 15 17 26 19 22 27 16 20 24 16 19 24
Sclereids (cortex) 11 14 16 14 19 26 13 16 19 10 12 14
Sclereids (pericycle) 10 21 34 25 35 49 12 17 28 15 37 55
Medullary rays 10 21 35 12 14 23 16 21 27 10 13 18
Phloem ﬁbres 398 455 510 8 13 15 590 660 721 11 13 16
Leaf
Epidermal cells 21 27 55 17 26 50 10 24 29 20 31 60 12 16 38 6 8 11
Upper
Lower 15 21 50 10 15 18 7 12 14 10 18 40 8 11 18 9 13 15
Neural epidermal cells 14 18 29 7 15 23 10 12 15 7 15 23 6 8 15 8 13 17
Upper
Lower 7 17 19 6 12 15 5 12 15 6 9 20 8 11 16 13 17 21
Cystolith 35 41 78 24 40 46
Glandular hair 26 30 35 20 23 28
Non-glandular hair 75 88 197 75 194 400
Palisade cells 24 35 52 3 5 7 15 18 22 4 6 8
Stomata 15 18 21 7 10 12 9 11 18 6 7 9
Clusters of ca. ox. 7 12 24 8 11 17
Prisms of ca. ox. 12 15 19 10 13 18 12 15 17 8 10 12
Pericyclic ﬁbres 592 761 980 14 19 21 490 966 1093 8 10 13
Vessels 8 20 32 8 19 34
Wood parenchyma 50 66 74 15 19 21 38 41 56 9 11 13
Wood ﬁbres 292 351 390 11 15 17 310 382 460 8 10 12
Tannin cell 69 115 133 26 29 34 73 93 106 23 26 33
Petiole
Epidermal cells 5 13 17 4 7 10 10 15 20 7 10 15 3 5 8 5 9 11
Non-glandular hair 63 260 433 80 275 1140
Glandular hair 21 36 39 16 19 23
Clusters of ca. ox. 6 13 27 5 11 21
Prisms of ca. ox. 16 20 35 10 18 30 9 27 34 9 15 28
Wood parenchyma 40 47 49 11 13 16 34 43 47 5 7 9
Wood ﬁbres 288 369 392 8 11 13 290 355 381 9 12 14
Vessels 21 36 39 14 24 38
Tannin cell 39 48 71 14 17 22 28 45 70 11 13 15
L: length, W: width, H: height, D: diameter.
44 T.S.M.A. El-Alfy et al.
Figure 5 Micromorphology of the stem bark of Celtis australis L. (A) High power view of the stem bark (X= 200). (B) Powdered stem
bark (X= 360). ck., Cork; cort., cortex; cl.cr., cluster of calcium of oxalate; m.r., medullary ray; p.f., pericyclic ﬁbres; ph.f., phloem ﬁbres
(X= 233.3); ph.par., phloem parenchyma; pr.ca., prism of calcium oxalate; scl., sclereids, st., starch granules.
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ric in shape containing dark brown content.
d. Fragments of thin walled parenchyma of the cortex
showing scattered ligniﬁed sclereids containing prisms
of calcium oxalate.
e. Fragments of non-ligniﬁed pericyclic and phloem ﬁbres,
fusiform with thin or thick straight or undulating walls,
wide or narrow lumina and blunt or acute apices.f. Fragments of sclereids of the pericycle, polygonal elon-
gated or isodiametric in shape, with pitted, ligniﬁed
walls, wide or narrow lumina containing calcium oxalate
prisms.
g. Fragments of ligniﬁed wood ﬁbres with straight walls
having wide lumina and acute apices.
h. Fragments of wood parenchyma having thin pitted ligni-
ﬁed walls.
Figure 6 Micromorphology of the leaf lamina of Celtis australis L. (A) Low power view of the lamina (X= 30). (B) High power view of
the midrib (X= 126.6). (C) High power view of the lamina (X= 150). (D) The upper epidermis (X= 275). (E) The lower epidermis
(X= 275). (F) The upper neural epidermis (X= 275). (G) The lower neural epidermis (X= 275). (H) Powdered lamina (X= 300). col.,
Collenchyma; cl.ca., cluster of calcium oxalate; cyst., cystolith; g.h., glandular hair; l.ep., lower epidermis; m.r., medullary rays; n.g.h., non-
glandular hair; p.f., pericyclic ﬁbres; ph., phloem; pr.ca., prism of calcium oxalate; sp.t., spongy tissue; st., starch granules; s., stomata; t.c.,
tannin cell; u.ep., upper epidermis; u.pal., upper palisade; v., xylem vessel; w.f., wood ﬁbre (X= 193.3); w.p., wood parenchyma.
46 T.S.M.A. El-Alfy et al.i. Fragments of medullary rays formed of rectangular cells
with pitted ligniﬁed walls.j. Fragments of xylem vessels showing spiral, annular and
pitted ligniﬁed thickenings.
Figure 7 Micromorphology of the leaf petiole of Celtis australis L. (A) Low power view of the petiole (X= 29). (B) High power view of
the petiole (X= 116.6). (C) Surface preparation (X= 500). (D) Powdered petiole (X= 300). cl.ca., Cluster of calcium oxalate; col.,
collenchyma; ep., epidermis; g.h., glandular hairs; m.r., medullary rays; n.g.h., non-glandular hair; ph., phloem; pi., pith; pr.ca., prism of
calcium oxalate; st., starch granules; t.c., tannin cell; v., xylem vessel; w.f., wood ﬁbre; w.p., wood parenchyma.
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either free or in parenchymatous cells, where they are
arranged in ﬁles.l. The powder gives a green colour with ferric chloride
(T.S.) due to catechol tannins and a bluish violet colour
with iodine (T.S.) due to starch.
Figure 8 Micromorphology of the old and young stem branch of Celtis occidentalis L. (A) High power view of the old stem branch
(X= 166.6). (B) High power view of the young branch (X= 216.6). (C) Surface view of the cork (X= 300). (D) Surface preparation in
the young branch (X= 300). (E) Surface preparation showing non-glandular hairs (X= 166.6). cam., Cambium; ck., cork; cort., cortex;
cl.ca., cluster of calcium oxalate; ep., epidermis; m.r., medullary ray; n.g.h., non-glandular hair; p.f., pericyclic ﬁbres; ph., phloem; ph.f.,
phloem ﬁbre; pi., pith; pr.ca., prism of calcium oxalate; scl., sclereids; st., starch granules, v., xylem vessel; w.f., wood ﬁbres; w.p., wood
parenchyma.
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Figure 9 Micromorphology of powdered Celtis occidentalis L. branch. Powdered branch (X= 325). cl.ca., Cluster of calcium oxalate;
g.h., glandular hair; n.g.h., non-glandular hair; m.r., medullary rays; p.f., pericyclic ﬁbres; ph.f., phloem ﬁbres (X= 183.8); pi., pith;
pr.ca., prism of calcium oxalate; scl., sclereids; v., xylem vessel; w.f., wood ﬁbre (X= 183.8); w.p., wood parenchyma.
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(Fig. 5A) shows the cork followed by the cortex showing
parenchyma cells with scattered sclereids containing calcium
oxalate prisms. The pericycle is formed of a continuous
band of ligniﬁed sclereids with groups of slightly ligniﬁed
ﬁbres. The phloem tissue shows phloem parenchyma andphloem ﬁbres, and is traversed by wavy and funnel shaped
medullary rays containing scattered calcium oxalate
clusters.
The cork (Fig. 5A and B): The cork is formed of 4–6 rows
of brown radially arranged, tangentially elongated, thick-
walled, tabular cells having suberized walls with the innermost
Figure 10 Micromorphology of the stem bark of Celtis occidentalis L. (A) High power view of the stem bark (X= 200). (B) Powdered
stem bark (X= 375). ck., Cork; cort., cortex; cl.cr., cluster of calcium of oxalate; m.r., medullary ray; p.f., pericyclic ﬁbres (X= 150);
ph.f., phloem ﬁbres (X= 150); ph.par., phloem parenchyma; pr.ca., prism of calcium oxalate; scl., sclereids; st., starch granules.
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showing dark brown content.7
The cortex (Fig. 5A and B): It is formed of 5–7 rows of oval
parenchyma cells with the ﬁrst few rows showing scattered
sclereids having pitted ligniﬁed walls, wide lumina containingcalcium oxalate prisms. The parenchyma cells contain starch
granules and few cells contain catechol tannin.
The pericycle (Fig. 5A and B): It is formed of a contin-
uous band of sclereids, polygonal isodiametric or elongated
with pitted ligniﬁed walls and wide or narrow lumina occa-
Figure 11 Micromorphology of the leaf lamina of Celtis occidentalis L. (A) Low power view of the lamina (X= 40). (B) High power
view of the midrib (X= 116.6). (C) High power view of the lamina (X= 273.3). (D) The upper epidermis (X= 275). (E) The lower
epidermis (X= 275). (F) The upper neural epidermis (X= 275). (G) The lower neural epidermis (X= 275). (H) Powdered lamina
(X= 315). col., Collenchyma; cl.ca., cluster of calcium oxalate; cyst., cystolith; g.h., glandular hair; l.ep., lower epidermis; m.r., medullary
rays; n.g.h., non-glandular hair; p.f., pericyclic ﬁbres (X= 150); ph., phloem; pr.ca., prism of calcium oxalate; sp.t., spongy tissue; st.,
starch granules; s., stomata; t.c., tannin cell; u.ep., upper epidermis; u.pal., upper palisade; v., xylem vessel; w.f., wood ﬁbre (X= 150);
w.p., wood parenchyma.
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groups of slightly ligniﬁed pericyclic ﬁbres having straightor undulating thick walls, narrow lumina and pointed
apices.
Figure 12 Micromorphology of the leaf petiole of Celtis occidentalis L. (A) Low power view of the petiole (X= 30). (B) High power
view of the petiole (X= 83.3). (C) Surface preparation (X= 450). (D) Powdered petiole (X= 350). cl.ca., Cluster of calcium oxalate; col.,
collenchyma; ep., epidermis; g.h., glandular hairs; m.r., medullary rays; n.g.h., non-glandular hair; ph., phloem; pi., pith; pr.ca., prism of
calcium oxalate; st., starch granules; t.c., tannin cells; v., xylem vessel; w.f., wood ﬁbre (X= 250); w.p., wood parenchyma.
52 T.S.M.A. El-Alfy et al.The phloem (Fig. 5AandB): It is formed of soft tissues show-
ing mainly thin walled parenchymatous cells, sieve tubes and
companion cells. Phloem ﬁbres are non-ligniﬁed present as tan-
gential bands having thick walls and narrow lumina. Phloem
parenchyma cells contain starch granules. The phloem tissue istraversed by wavy or funnel shaped medullary rays. They are
bi- to pluriseriate formed of radially elongated cells having thin
walls containing clusters of calcium oxalate or starch granules.
The microscopical measurements of the different elements
of the stem bark are shown in Table 1.
Figure 13 The RAPD electrophoretic proﬁle of Celtis australis L. and Celtis occidentalis L. generated by the four decamer primers (D-
12, G-18, C-11 and E-08).
Figure 14 The RAPD electrophoretic proﬁle of Celtis australis L. and Celtis occidentalis L. generated by the four decamer primers (A-
18, C-20, G-08 and Z-20).
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odourless and has a slightly astringent taste. Microscopically
(Fig. 5B) it is characterized by:
a. Fragments of brown, polygonal cork cells with thick
suberized walls.
b. Fragments of parenchyma cells of the cortex showing
scattered sclereids with pitted ligniﬁed walls and wide
or narrow lumina occasionally containing calcium oxa-
late prisms.
c. Fragments of non-ligniﬁed pericyclic and phloem ﬁbres
with straight or undulating thick walls having narrow
lumina and pointed apices.
d. Fragments of isodiametric and elongated sclereids of the
pericycle with pitted, ligniﬁed walls having wide or nar-
row lumina containing prisms of calcium oxalate.
e. Fragments of polygonal elongated medullary ray cells
showing thin walls and containing calcium oxalate clus-
ters arranged in ﬁles.
f. Scattered prisms and clusters of calcium oxalate.
g. The powder gives a green colour with ferric chloride
(T.S.) due to catechol tannins and a bluish violet colour
with iodine (T.S.) due to starch.
3.1.2.1.3. The leaf. A – The lamina: A transverse section in
the leaf (Fig. 6A and B) shows upper and lower epidermises,
enclosing a dorsiventral mesophyll. The palisade tissue consists
of one row of columnar cells interrupted in the midrib regionwith collenchymatous cells. The midrib is strongly prominent
to the lower side showing one crescent shaped collateral vascu-
lar bundle.
The epidermis (Fig. 6C–E): The epidermises of both sur-
faces are nearly similar in shape. They are polygonal, isodia-
metric to elongated cells with straight anticlinal walls. Both
surfaces are covered with striated cuticle, but the lower surface
shows strong cuticular ridges. Stomata are present only on the
lower surface and mostly of the paracytic type with few aniso-
cytic and anomocytic stomata. The guard cells are elongated in
shape. Hairs are of the non-glandular and glandular types.
Nonglandular trichomes are unicellular simple and varying
in length. Glandular hairs have multicellular uniseriate stalk
and multicellular heads (3–5).
Cystoliths of silica are present mostly in the upper epider-
mis; they may be sometimes accompanied with unicellular
short hairs protruding outside the surface. The epidermal cells
contain mucilage (stained red with ruthenium red T.S.).
The neural epidermis (Fig. 6B, F and G): The cells of the
neural surfaces are polygonal isodiametric, having straight thin
walls, covered with thin striated cuticle and devoid of stomata.
Non-glandular unicellular hairs are present on the cells.
The mesophyll (Fig. 6A and C): The palisade is formed of
one row of columnar, closely packed cells, having slightly wavy
anticlinal walls and containing green plastids. The palisade is
interrupted by large cystoliths containing calcium silicate,
which may be accompanied by unicellular hairs protruding
from the epidermis. The spongy tissue is formed of more or
Figure 15 The RAPD electrophoretic proﬁle of Celtis australis
L. and Celtis occidentalis L. generated by two decamer primers
(M-08 and M-06).
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and cells containing mucilage.
The midrib (Fig. 6B and H): The cortical tissue of the
midrib consists of rows of collenchymatous cells abutting
the upper (4 or 5 rows) and lower (6 or 7 rows) epidermises,
containing calcium oxalate prisms, followed by 7–9 rows of
parenchyma cells. The parenchymatous cells are rounded,
thin walled showing narrow intercellular spaces and contain-
ing scattered calcium oxalate clusters and prisms. Cells con-
taining catechol tannin or mucilage are scattered in the
parenchymatous layer. The endodermis is distinct forming
a starch sheath.
The pericycle is composed of non-ligniﬁed ﬁbres. Fibres are
fusiform with thick non-ligniﬁed straight or undulating walls,
narrow lumina and blunt apices.
The vascular tissue (Fig. 6B and H): The vascular tissue
consists of a crescent shaped collateral vascular bundle. The
xylem is composed of ligniﬁed vessels, wood parenchyma
and wood ﬁbres and traversed by uni- to triseriate medullary
rays containing scattered starch granules. The xylem vessels
show spiral and annular thickenings. Wood parenchyma is
rectangular in shape having pitted ligniﬁed walls. Wood ﬁbres
are moderate in length with wide lumina, slightly undulating
thin ligniﬁed pitted walls and blunt apices. Wood parenchyma
consists of rectangular cells with pitted ligniﬁed walls. TheTable 2 The total number of RAPD–PCR fragments, distribution o
coefﬁcients generated by 10 decamer arbitary primers in the two Ce
Primers Number of RAPD
fragments
Monomorphic
fragments
C. aust. C. occid.
OPD-12 7 5 2
OPG-18 5 5 2
OPC-11 7 8 3
OPE-08 8 5 2
OPA-18 12 12 12
OPC-20 9 9 5
OPG-09 8 5 3
OPZ-20 7 4 3
OPM-08 11 11 11
OPM-06 10 11 10
Total 84 75 53
C. aust.= Celtis australis L., C. occid. = Celtis occidentalis L.cambium is formed of two rows of tangentially elongated thin
walled cellulosic cambiform cells. The phloem tissue consists of
soft sieve elements and phloem parenchyma containing numer-
ous small calcium oxalate clusters.
B – The petiole: A transverse section in the petiole
(Fig. 7A) is nearly crescent in shape. It is formed of an out-
er epidermis followed by the cortex, which shows a layer of
collenchyma then a parenchymatous tissue in which scat-
tered clusters and prisms of calcium oxalate are scattered.
The cortex is followed by a crescent shaped collateral vascu-
lar bundle.
The epidermis (Fig. 7B and C): It consists of polygonal, iso-
diametric cells with straight anticlinal walls and covered with
thin smooth cuticle. Stomata are absent. Hairs are numerous
non-glandular, mostly unicellular and few multicellular (2 or
3 celled). The epidermal cells contain mucilage.
The cortex and ground tissue (Fig. 7B): It is formed of about
3 or 4 rows of collenchymatous cells containing scattered cal-
cium oxalate prisms, followed by rows of rounded parenchyma-
tous cells with narrow intercellular spaces containing clusers and
prisms of calcium oxalate crystals, catechol tannin and muci-
lage. The endodermis is distinct forming a starch sheath.
The pericycle (Fig. 7B and D): The pericycle is formed of
small parenchymatous cells containing scattered clusters of
calcium oxalate.
The vascular tissue (Fig. 7B): It consists of a crescent
shaped collateral vascular bundle. The vascular tissue is com-
posed of xylem vessels, wood parenchyma and wood ﬁbres.
The xylem vessels are radially arranged showing ligniﬁed spiral
and annular thickenings. They are separated by uni- to triseri-
ate medullary rays, which consist of polygonal slightly elon-
gated cells containing starch granules. Wood ﬁbres are
moderate in length with wide lumina, straight or slightly undu-
lating thin ligniﬁed pitted walls and rounded apices. Wood
parenchyma is rectangular in shape having pitted ligniﬁed
walls. The phloem consists of sieve elements and phloem
parenchyma containing minute calcium oxalate clusters and
starch granules.
Numerical values: C. australis L. leaf is characterized by a
stomatal index of 11–16 for the lower epidermis and a palisade
ratio of 7–11.f monomorphic (common) and polymorphic bands and similarity
ltis species.
Polymorphic
fragments
% of
Polymorphism
Similarity
coeﬃcient
8 66.66 10.00
6 60.00 25.00
9 60.60 25.00
9 69.23 10.00
0 00.00 100.00
8 44.44 38.46
7 53.85 30.00
5 45.45 37.55
0 00.00 100.00
1 4.76 90.91
42 (Mean) 44.89 (Mean) 46.69
Figure 16 The seed protein proﬁle of Celtis australis L. and
Celtis occidentalis L.
Table 3 Data matrix illustrating the presence and absence of
bands in the seed protein electrophoretic banding pattern for
Celtis spp.
No. M. wt. (kDa) Celtis australis L. Celtis occidentalis L.
1 272.86 1 0
2 223.89 0 1
3 215.21 1 0
4 134.87 0 1
5 72.44 1 1
6 59.09 1 1
7 44.64 0 1
8 39.53 1 0
9 25.28 0 1
10 20.84 1 1
11 14.78 1 0
12 14.39 1 1
13 10.47 0 1
14 9.45 0 1
(1) = Presence of bands, (0) = absence of bands.
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present in the leaf are recorded in Table 1.
Powdered leaf: The powdered leaf is green in colour, odour-
less with astringent mucilagenous taste. Microscopically
(Figs. 6H and 7D) it is characterized by the following elements:
a. Fragments of the upper epidermis of lamina showing
polygonal, isodiametric to elongated cells with straight
anticlinal walls, covered with thin striated cuticle and
devoid of stomata.
b. Fragments of the lower epidermis showing polygonal
isodiametric to slightly elongated cells with straight anti-
clinal walls covered with thin, strongly striated cuticle.
Stomata are paracytic with few either anisocytic or
anomocytic.c. Fragments of the upper and lower neural epidermises
showing polygonal isodiametric epidermal cells, having
thin straight anticlinal walls and covered with striated
cuticle and devoid of stomata.
d. Fragments of the epidermis of the petiole with polygo-
nal, isodiametric cells with straight anticlinal walls and
covered with smooth cuticle. Stomata are absent.
e. Glandular hairs with multicellular uniseriate stalk and
multicellular head, as well as, non-glandular unicellular
simple trichomes and few multicellular uniseriate hairs
of the petiole.
f. Fragments of columnar, thin walled palisade cells of the
lamina containing green plastids.
g. Fragments of pericyclic ﬁbres of the lamina, fusiform
having thick non-ligniﬁed straight or undulating walls,
narrow lumina and blunt apices.
h. Fragments of ligniﬁed spiral and annular thickened
xylem vessels.
i. Fragments of wood parenchyma, rectangular in shape
showing pitted ligniﬁed walls.
j. Fragments of ligniﬁed wood ﬁbres with straight or
undulating walls having wide lumina and blunt apices.
k. Fragments of medullary ray cells, polygonal and thin
walled.
l. Scattered clusters and prisms of calcium oxalate.
m. The powder gives a green colour with ferric chloride
(T.S.) due to catechol tannins, a bluish violet colour with
iodine (T.S.) due to starch and a red colour with ruthe-
nium red (T.S.) due to mucilage.
3.1.2.2. Micromorphology of C. occidentalis L. The micromor-
phological structure of the different organs of C. occidentalis
L. (Figs. 8–12) is more or less similar to their respective ones
in C. australis L. but could be differentiated and characterized
as follows:
3.1.2.2.1. The stem branch (Figs. 8 and 9).
a. Presence of non-glandular unicellular short hairs abun-
dantly on the surface of the young stem branch.
b. Medullary rays are mostly uniseriate with few biseriate
containing calcium oxalate prisms and cluster crystals.
c. Presence of calcium oxalate clusters in the cortex of the
young stem branch.
3.1.2.2.2. The stem bark (Fig. 10).
a. The cork is wider.
b. The cortex is wider and shows abundant prisms of cal-
cium oxalate.
c. The pericyclic ﬁbres are fewer.
d. The phloem ﬁbres are less in number being scattered not
arranged in bands.
e. Medullary rays are mostly biseriate and straight.
3.1.2.2.3. The leaf (Figs. 11 and 12). A – The lamina
(Fig. 11):
a. Presence of unicellular non-glandular short hairs mostly
on the lower neural epidermis.
b. Non-glandular hairs are longer, unicellular and multicel-
lular (3–5 cells) and with thicker walls.
c. More glandular hairs are present on the lamina.
d. Cystoliths are smaller and fewer in number.
56 T.S.M.A. El-Alfy et al.e. Cuticle covering the lower epidermis is less striated.
f. Palisade cells are shorter with wavy anticlinal walls.
g. Phloem region in the lamina is wider than in C. australis
L. almost as wide as the xylem region.
B – The petiole (Fig. 12)
a. Presence of abundant unicellular non-glandular short
hairs on the epidermal cells.
b. Hairs are longer and may be multicellular having more
thick walls.
c. Phloem region in the lamina is wider than the xylem
region.
Numerical values: C. occidentalis L. leaf could be differenti-
ated from C. australis L. by its lower numerical values having a
stomatal index of 8–11 for the lower epidermis and a palisade
ratio of 6–10.
The dimensions of the different elements of the stem,
stem bark and leaf of C. occidentalis L. are displayed in
Table 1.
3.2. Genetic proﬁling
3.2.1. DNA ﬁngerprinting
In this study the extracted DNA of each of the two Celtis spe-
cies was ampliﬁed using 10 decamer primers to detect genetic
variability between them. Each of the 10 primers successfully
directed the ampliﬁcation of a genome-speciﬁc ﬁngerprint of
DNA fragments. The obtained banding proﬁles produced by
the primers used in the RAPD analysis are represented in
Figs. 13–15. The 10 primers generated a total of 84 fragments
in C. australis L. and 75 fragments for C. occidentalis L. Re-
sults are recorded in Table 2. RAPD markers obtained
through primer screening of C. australis L. and C. occidentalis
L. DNA, were reproducible and differentiated both Celtis
species.
The 10 primers produced multiple band proﬁles with the
number of ampliﬁed DNA fragments ranging from 12 with
OPA-18 and 11 with OPM-08 in both species. While the least
number of fragments was 4, produced by OPZ-20 in C. occi-
dentalis L. and 5 produced by OPG-18 in both species.
On the other hand, the total number of fragments was 159
bands, 42 were polymorphic representing a level of polymor-
phism of 44.89%. The highest degree of similarity (100%)
was observed using primers OPA-18 and OPM-08, while the
least degree of similarity (10%) was observed using primers
OPD-12 and OPE-08 as recorded in Table 2.
3.2.2. Seed protein proﬁling
The seed protein proﬁles of both Celtis species were studied
and the observed protein banding proﬁle is shown in
Fig. 16. The molecular weight of the revealed bands and their
distribution among the studied samples are given in Table 3.
Protein band patterns were coded 0 or 1 depending on their
absence or presence in each species. The highest number of
bands (10) is recorded for C. occidentalis L. The molecular
weight observed within the studied samples ranges between
223.89 and 9.45 KDa. The total number of bands recorded
in both samples is 18, among these four are common to both
species, 7 (223.89, 134.87, 44.64, 25.28, 10.47 and 9.45 KDa)
were absent form proteins of C. australis L. and 4 (272.86,215.21, 39.53 and 14.78 KDa) were absent from proteins of
C. occidentalis L. The similarity coefﬁcient between both
samples was 72.5%.4. Discussion
C. australis L. and C. occidentalis L. are two species belonging
to Family Ulmaceae. This study aimed at characterizing each
of these species on both botanical and genetic levels.
The results showed a great similarity between the morpho-
logical characters of both plants and most of the reliable crite-
ria which can be used for distinction between the two species
are prominent in fresh samples and not evident in the pow-
dered ones.
On the other hand, the genetic characterization of both
Celtis species using random ampliﬁed polymorphic DNA
(RAPD) showed that primers OPA-18 and OPM-08 could
be used as indicators for obtaining genetic markers. In addi-
tion, the primers OPD-12 and OPE-08 were found to be the
most effective in generating polymorphic bands on applica-
tion of the RAPD technique to both plants, and therefore
can act as markers for species authentication beside the
morphological characteristics.
Seed storage protein ﬁngerprint is used to examine the rela-
tionship between species as well as for discrimination between
the closely related ones. Analysis of seed SDS–PAGE revealed
that the distance between the two studied Celtis species did not
exceed 27.5%, which indicates little variation amongst their
SDS–PAGE proﬁles and might further explain any resem-
blance on the chemotaxonomical level.References
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